To evaluate the 6-month impact of a physical activity (PA) multilevel intervention on activity patterns and psychological predictors of PA among adolescents. The intervention was directed at changing knowledge and attitudes and at providing social support and environmental conditions that encourage PA of adolescents inside and outside school. SUBJECTS AND DESIGN: Randomised, controlled ongoing field trial (ICAPS) in middle-school's first-level adolescents from eight schools selected in the department of the Bas-Rhin (Eastern France) with a cohort of 954 adolescents (92% of the eligible students) initially aged 11.770.6 y. The 6-month changes in participation in leisure organised PA (LOPA), high sedentary (SED) behaviour (43h/day), self-efficacy (SELF) and intention (INTENT) towards PA were analysed after controlling for baseline measures and different covariables (age, overweight, socioprofessional occupation), taking into account the cluster randomisation design. RESULTS: The proportion of intervention adolescents not engaged in organised PA was reduced by 50% whereas it was unchanged among control students. After adjustment for baseline covariables, LOPA participation significantly increased among the intervention adolescents (odds ratio (95% confidence interval) (OR) ¼ 3.38 (1.42-8.05) in girls; 1.73 (1.12-2.66) in boys), while high SED was reduced (OR ¼ 0.54 (0.38-0.77) in girls; 0.52 (0.35-0.76) in boys). The intervention improved SELF in girls, whatever their baseline LOPA (Po10 À4 ) and INTENT in girls with no baseline LOPA (P ¼ 0.04). SELF tended to improve in boys with no baseline LOPA, without reaching statistical significance. When included in the regression, follow-up LOPA was associated with improvement of SELF in girls (P ¼ 0.02) and of INTENT in girls with no baseline PA (Po0.02). The intervention effect was then attenuated. CONCLUSION: After 6 months of intervention, ICAPS was associated with a significant improvement of activity patterns and psychological predictors, indicating a promising approach for modifying the long-term PA level of adolescents.
Introduction
A steadily increasing prevalence of overweight and obesity is observed worldwide among both adults and children. 1, 2 In
France, recent data also indicate a high prevalence of excess weight in youths. 3 Declining levels of physical activity (PA) and the generalisation of a sedentary behaviour are thought to be responsible in part for this rising rate and also for an increased risk of diabetes and more generally of cardiovascular risk. [4] [5] [6] Thus, programmes for PA promotion and obesity prevention are needed for the young. Since engagement in PA strongly decreases during adolescence, 7 implementation of interventions at this age may be important. Few primary prevention studies designed to promote PA and to reduce obesity in youth have been reported, with none in France. 8, 9 Long-term studies are sparse. PA behaviour and the development of overweight among children involve a complex set of interacting factors. 10, 11 There is increased recognition of the importance of the context in which the person lives, 'the ecological niche', which includes the family, the peers, the school and wider social contexts such as the community and societal characteristics. Despite this, most studies targeting PA have focused on education or physical education (PE) classes. Education-based strategies have met limited long-term success in changing behaviours, perhaps due to the lack of supporting environmental modifications. On the other hand, changes in activity patterns both inside and outside school, including in daily life, and also in attitudes and motivation could be important in a long-term health perspective. Yet effective long-term strategies that may differ according to age, country and cultural and environmental contexts are still to be determined and also how they work. The 'Intervention centred on adolescents' physical activity and sedentary behaviour' (ICAPS) was designed to reduce weight gain and, as an underlying objective, cardiovascular risk in adolescents of eastern France. It is aimed at improving lifelong PA patterns by implementing a programme that motivates and enables adolescents to use opportunities for PA inside and outside school, and also by providing social support and an environment that encourage them towards PA during everyday life and leisure. We chose to begin the intervention in students entering the middle-school, because this age is characterised by a PA decrease. This design also allows following the majority of the adolescents during four academic years, the duration not having been yet reported for such intervention studies in youth.
Here, we present the first 6-month results of the ICAPS study. We wish to assess whether the intervention as implemented has produced a favourable influence on the activity patterns of the adolescents and on different psychological variables related to PA with a particular interest on the interconnection between these variables.
Methods
Subjects and study design Study design and intervention modalities will be described in greater detail elsewhere. Briefly, ICAPS is an ongoing intervention study that started in fall 2002 designed to cover four academic years. Eight schools out of the 77 public middle-schools of the department of the Bas-Rhin (Eastern France) were randomly selected. In order to have a broad socioeconomic context, randomisation was carried out after stratification on sociogeographical criteria: communes of less than 50 000 inhabitants in the north or the south of the department (one pair of schools in each) and greater Strasbourg, a city of 450 000 inhabitants (two pairs, with one pair located in a low economic environment). In each pair of matched schools, schools were randomised to either intervention or control status. All initially first-level students (corresponding to US sixth-graders) of these schools were eligible to participate (n ¼ 1046). The study cohort involves 954 students (mean age 11.770.6 y at the beginning), who agreed to have a medical examination and to answer questionnaires over the 4 years of the study. Among these students, 70% accepted to provide a blood sample at baseline and during the follow-up. A written formal consent signed by the parents and the child was obtained from all the participating subjects. The study was reviewed and approved by the local ethics committee and the schools' governing bodies.
The ICAPS intervention began in the 2002-2003 school year and will continue as adolescents progress through their fourth level (2005) (2006) . The control group follows the usual health curriculum and PE but none of the ICAPS interventions. The primary study comparison will be made between the individual students of the four intervention and the four control schools with respect to changes from the beginning of the study to the end of the intervention period. Changes in body mass index (BMI) and percent body fat (PBF) are the primary end points. BMI was the basis of the sample size determination, with an expected difference of 0.4 kg/m 2 between intervention and control schools at the end of follow-up, while taking into account a participation rate of 80% and 30% of the students leaving the schools before the end of the study. Secondary end points include changes in different cardiovascular risk factors (waist circumference, blood pressure, serum insulin and lipids, haemostasis factors), PA and sedentary levels, and also knowledge, attitudes and motivation towards PA. Measurements of student outcomes were made at the beginning of the first level (fall 2002) and will be repeated at the end of the second and fourth levels (May 2004 and 2006) . Questionnaires on PA, diet, other lifestyle characteristics and psychosocial variables were and will be administered at these same times and also at the end of first and third levels (May 2003 and 2005) . Anthropometric and medical measurements are performed by trained professionals. Subjects are asked to fast for a minimum of 10 h before the blood sampling, which takes place the morning before the medical examination. The questionnaires are administered in small groups (3-6 children) by trained interviewers. In this study, the changes after 6 months of intervention in some behaviours and psychological variables are presented.
Intervention components
The ICAPS programme is a multilevel programme directed at affecting the intrapersonal, social and certain environmental determinants of PA. Although the randomisation was carried out on a school basis, it is not strictly school-based but requires numerous partnerships intervening at different levels (school boards, teachers and medical staffs, club educators, families, territorial and community agencies in charge of recreational areas and transportation infrastructures, etc). It is implemented over four academic years to promote PA inside and outside school, including during everyday life, with three principal targets ( Figure 1 ): (1) knowledge, attitudes, beliefs and motivation towards PA by means of information and debates but also with the PA Promotion of physical activity and obesity prevention in youth C Simon et al sessions proposed; (2) social support by parents, peers, teachers and PA instructors; and (3) environmentalFphysical, structural and institutionalFconditions for PA that encourage the students to use the knowledge and skills they have learned. The intervention includes an educational component focusing on PA and sedentary behaviours. New opportunities for PA during school hours (lunch break, recess periods) and after-school hours are offered, taking into account the barriers to being active (lack of time, inappropriate open-time, poor accessibility or unsafe recreational areas, nobody to conduct the adolescents to and from the activities, cost, lack of physical capacity, etc). The activities implemented are either informal or more academic but, in all cases, with emphasis on fun and pleasure, well-being, the company of others and an absence of competitive aspects. Sporting events as well as bicycle and on foot school transport are organised. Teachers, parental organisations and sport associations are encouraged to participate in the programme through meetings and regular contact with them. Intervention staffs are informed of the objectives of the study and trained to work in collaboration with the different partners. The ICAPS coordinators regularly visit intervention school members to inquire about difficulties and to help resolve material or personnel needs.
Baseline and 6-month follow-up measurements Anthropometric measurements. Standardised baseline anthropometric measurements were performed on the children in light indoor clothing without shoes, as previously described. 3 Bioelectrical impedance analysis was used to assess body composition, using a leg-to-leg single frequency (50 kHz) device with an in-built digital scale for measuring body weight at the same time (Tanita TBF-310, Tanita Corp., Tokyo, Japan). BMI was calculated as body weight divided by height squared (kg/m 2 ) and overweight defined according to the international reference. 12 PBF was computed from total fat mass (kg) and body weight (kg).
Sociodemographic data. Demographic and socioeconomic data were obtained at baseline from the students and from self-administered questionnaires completed by their parents. The highest socio-occupational category of either parent was taken as an approximation of family socio-occupational status, which was classified as low, medium or high.
PA and sedentary behaviours. The adolescent's PA was assessed with a questionnaire adapted from the 'Modifiable Activity Questionnaire for Adolescents' (MAQ). 13 Participation in PA during the past year was reported by the students who gave information on the weekly frequency and usual duration of each session. The number of months that each activity was performed over the past year was recorded and the average weekly time devoted to PA calculated. The time spent in sedentary activities (SED), that is, television viewing and computer/video games, was recorded for each day of a typical week. In this study, participation in leisure organised PA (LOPA) excluding PE but including activities provided by ICAPS (yes, no) and SED in two classes (r3 h/day, 43 h/day) were considered. Validity and reliability of the MAQ have been reported for junior high school students. 14 In our population, reliability of this questionnaire, assessed in a sample of 79 adolescents with a test-retest interval of 1 month, was reasonably good with, in particular, intraclass correlations of 0.83 and 0.71, respectively, for time devoted to LOPA and SED.
Psychosocial measures. Self-efficacy (SELF), social support and intention (INTENT) towards PA were evaluated with a questionnaire previously used in the Stanford Adolescent Heart Health Programme. 15 In our cohort, this questionnaire, which consists of 13 items scored on a six-point Likert scale rating from strongly agree to strongly disagree, had test-retest reliability coefficients (n ¼ 79) of 0.69 and 0.68 for SELF and INTENT, respectively. At baseline, Cronbach's alpha of the SELF and INTENT scales were 0.81 and 0.79, respectively, in the total sample of participants.
Implementation measures. Primary focus was on the number of activities that could be implemented by the research team on each site, as well as individual attendance at each of the sessions. The number of school hours devoted to the curriculum component and debates, and the implication and innovative actions initiated by or in collaboration with the different partners, were registered.
Statistical analysis
All statistical analyses were carried out using the SAS software (version 8, SAS Institute Inc., Cary, NC, USA).
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(Procedure GENMOD), with schools nested within the experimental condition, was used to analyse changes of participation in LOPA and high SED (two dichotomous outcomes). This approach takes into account the intraclass correlation of responses within schools and adjusts for individual level covariables under cluster randomisation. Similar regressions were estimated to predict changes in psychosocial variables related to PA (SELF and INTENT). For analysis of these continuous outcomes, linear mixed models (Procedure MIXED) were used to obtain regressions under cluster randomisation. The analyses were carried out while controlling for different baseline covariables (age, overweight and parental socio-occupational status). Additional control for baseline LOPA was carried out when analysing the effect of the intervention on psychosocial variables. All interactions were tested in the models. Separate analyses for adolescents with and without baseline LOPA were computed when the interaction between this variable and intervention was significant. To further assess the extent to which the intervention effect on SELF and INTENT can be attributed to significant changes in PA practice, regressions predicting changes of these variables were re-estimated after controlling for both baseline and follow-up LOPA. Owing to different PA patterns and psychosocial predictors of PA at baseline, separate models were constructed for boys and girls for all the analyses.
Results
Baseline characteristics of the cohort The overall participation rate was 91% of eligible students (479 in control and 475 in intervention schools). Table 1 shows the baseline characteristics obtained in fall 2002 for the adolescents, initially aged 11.770.6 y, with an equal representation of girls and boys. A proportion of 46.3% came from communes of less than 50 000 inhabitants. The others lived in greater Strasbourg of which about a half was in a low economic environment, without differences between intervention and control groups. There were some differences in socioeconomic status, with greater percentages of high sociooccupational status in the intervention group (23.6 vs 15.5%; Po0.05). Baseline anthropometric data revealed no significant differences between intervention and control adolescents in mean values of BMI, PBF or overweight prevalence (23.7% according to the international reference). Concerning leisure activities, 59.1% of the subjects engaged in LOPA (66.8% of boys, 51.6% of girls) and about one-third devoted more than 3 h/day to television viewing and computer/video games. Participation in LOPA was higher in the intervention adolescents (63.5 vs 54.7%; Po0.05), whereas no differences between the intervention and control adolescents were seen for sedentary behaviours or psychosocial scores. Table 2 presents PA patterns and psychological scores related to PA according to various baseline factors, with lower scores of SELF and INTENT indicating better selfefficacy and intention towards PA, respectively. Boys had better SELF and INTENT scores than girls. SELF and INTENT were also significantly better in adolescents participating in LOPA both for girls (Po10 À3 and o10
À4
, respectively) and boys (Po10 À4 and o10
, respectively). In contrast, there was no evidence that sedentary behaviours (as assessed by the time spent in television viewing and computer/video games) was associated with either SELF or INTENT. A weak relationship was observed between overweight and INTENT in girls, with worse scores in the overweight compared to nonoverweight (Po0.05).
Programme implementation
Concerning PA, a mean of 10-12 different weekly activities was provided on each site throughout the first 6 months of intervention. About 50% of the students participated in at least one weekly activity. Participation records indicate a similar proportion of students already engaged in LOPA and those who did not, but with a higher proportion of girls (57 Promotion of physical activity and obesity prevention in youth C Simon et al vs 43%; Po0.05). All the intervention students were exposed to at least two educational classes or debates focusing on PA, organised in groups of 15 pupils during the school time with the collaboration of the teachers. Different sporting events, some with the parents' participation, were organised. Mobilisation and implication of the teachers, the families and partners in and outside schools increased progressively throughout the school year, thanks to regular individual contacts and more formal meetings (at least one every 2 months).
Behavioural and psychological changes after the 6-month intervention Behavioural and psychological outcome data were collected in spring 2003, after 6 months of intervention, for 90% of the cohort students. The main reasons for lack of follow-up data were school absence the day of questionnaire administration or school transfer. There was no significant difference in follow-up rates according to baseline characteristics. Table 3 shows estimated changes by gender in LOPA and high SED from baseline to the end of the 6-month follow-up in intervention and control adolescents. LOPA among the intervention adolescents increased from 59 to 83% in girls and from 69 to 81% in boys, while it remained stable in the control adolescents. After correcting for baseline covariables (age, overweight, parental socio-occupational status), LOPA significantly increased among the intervention students compared to controls, both in girls (odds ratio (OR) 3.38; Po0.01) and in boys (OR 1.73; P ¼ 0.01). On the other hand, high SED increased in the control group (from 24 to 28% in girls and from 34 to 48% in boys), whereas the intervention was associated with a decline among girls (from 24 to 17%) Promotion of physical activity and obesity prevention in youth C Simon et al and to a lesser degree among boys (from 44 to 41%). After adjustment for covariables, there was a significant reduction of high SED among intervention adolescents, both in girls (OR ¼ 0.54; Po10
À3
) and in boys (OR ¼ 0.52; Po10 À3 ) compared to controls. Baseline and 6-month adjusted changes in SELF and INTENT scores by gender are given in Table 4 . Due to significant interactions between baseline LOPA and experimental condition for changes in SELF in boys and for changes in INTENT in girls, these latter two analyses are presented with stratification by baseline LOPA. After adjusting for baseline covariables, SELF was reduced (denoting a better outcome) in the intervention girls compared to controls, whatever their baseline LOPA pattern (adjusted difference 3.970.8; Po10
À4
). An improvement of INTENT was also observed in intervention girls, with a significant modifying effect of baseline LOPA (P for interaction o0.01): a significant change was present only in girls with no baseline LOPA (Po0.04). SELF also tended to improve in boys with no LOPA at baseline (adjusted difference 2.071.6), without reaching statistical significance, while it was unchanged in male students who already practised LOPA at baseline (P for interaction ¼ 0.09). No change of INTENT was noted in boys.
To assess the extent that induced changes in PA practice explains the intervention effect on psychological variables in girls, the regression analyses were repeated after controlling for both baseline and follow-up LOPA. When included in the regression, the latter was independently associated with improvement of SELF (À2.770.8; P ¼ 0.02), and the intervention effect was attenuated (À2.771.0; P ¼ 0.02; regression not shown). Similarly, follow-up LOPA was associated with an improvement of INTENT in girls not engaged in LOPA initially (À1.170.5; P ¼ 0.02), the effect of intervention being then only marginally significant (À1.270.5; P ¼ 0.06).
Discussion
These first 6-month results of ICAPS, a randomised programme designed to improve the PA patterns of young adolescents, indicate that this multilevel intervention had a noticeable impact on the voluntary participation rate in LOPA and on sedentary behaviours both in girls and boys. An impact on psychological scores, self-efficacy and intention towards PA, was also observed in girls, with a higher effect for those with no baseline LOPA and those who participated in the physical activities provided by the research team. Despite beneficial tendencies, the changes in psychological scores were not significant in boys.
Several programmes, sometimes school-based, targeted at obese adolescents, 16 associating PA and individual support have reported positive results. The problem with school interventions targeting obesity lies in their potential to increase stigmatisation of children at school. On the other hand, the prevalence of sedentary behaviour increases rapidly with health consequences, which are not limited to weight regulation, indicating the necessity for population approaches. In adults, some studies have targeted PA offer, giving encouraging results. 9 In youth, most studies have focused on educational strategies, which have shown poor impact other than on knowledge, and on PE classes. The latter have been successful on the short term due to their imposed design, but there is still the question of long-term effectiveness. In a lifelong perspective, strategies directed at changing free-time (inside or outside school) lifestyle and in everyday life may be important. We believe that the nonacademic form of the activities proposed, together with the absence of school notation and competitive aspects, have contributed to the high participation obtained even among those who did not initially engage in LOPA, and this with a free choice to take part or not in the proposed activities. Interestingly, this participation was not associated with a diminution of other PA participation. Since good remembrances left by the practice of PA in youth have been suggested to be a pledge of a higher level of PA in adulthood, 17 these aspects leave hope for a better long-term maintenance. Similarly, the implementation of the activities and PA opportunities not exclusively in school areas but in a larger community context may contribute to higher maintenance. Our intervention also had a favourable impact on sedentary behaviour, which is promising since reducing a sedentary activity like television watching may help to decrease the risk of obesity. 18 Self-efficacy and intention towards PA have been shown to be associated with PA 15, 19, 20 in youths although it is not known whether the changes only precede and predict or also follow changes in the level of PA. Here, the participation in the activities provided partly explain the improvement in self-efficacy and intention towards PA, pointing out the importance of making available various activities attractive to youth in adapted times and places. As emphasised by the favourable results observed in the subgroup not engaged in LOPA at baseline, the setting in motion of the adolescents seems crucial for an improvement of psychological outcomes, which in turn will possibly favour the maintenance of the new behaviour. The persistence of a significant intervention effect, while controlling for follow-up PA, argues for a higher potential for intervention that offers both new opportunities for PA and addresses knowledge and attitudes. A higher impact of PA intervention on girls has already been reported. 21 This may result from the fact that girls were less active at baseline and that the outcomes used here depend on baseline PA. One strong point of our study is the high participation rate and the broad socioeconomic range that should contribute to a better comprehension on what works and what does not according to the socioeconomic and cultural context. Some weaknesses of our study should be mentioned. Behaviours and psychological variables were obtained from questionnaires and are subject to biased recall that may have differently affected the control and the intervention subjects over time. Neither can we exclude that the intervention adolescents gave better outcomes during follow-up, due to their desirability to give answers in accordance with the messages they received throughout the intervention. However, the PA obtained from questionnaires were in good agreement with the real attendance at the activities proposed by the researchers, so we can reasonably think that the results presented here would be little affected. In all cases, the behavioural and psychological effects of the intervention will take on their full significance only when the anthropometric and biological data become available.
Although implementation of the programme was successful, as attested to by the number of activities and educational classes provided, it should be noted that the implementation was progressive over the school year and is still increasing. This is true for the teachers, who needed time to become supportive, and for the families whose active involvement during this first school year is low. The same is also the case for some of the environmental actions that required the intervention of territorial administrations or legislation (playground area accessibility and school bus service hours, for example) and were only effective at the end of this first school year. Since ICAPS is an ongoing intervention study designed to take place over four academic years, its implementation and effect on behaviour changes, both requiring time, need to be further evaluated over time. The 4-year duration will also be the determining factor for evaluating the long-term effectiveness of the intervention.
In conclusion, the first results of this study support the belief that the level of PA and attitudes towards PA can be improved in adolescents through a multilevel intervention programme, by addressing knowledge, behaviour changes and offering new opportunities to be active in everyday life during school and leisure. It remains to be demonstrated that these actions will have an effect on health outcomes and that they will be long lasting.
